Background: Multiple sensitization is frequent among pollen-allergic patients. The goal of this study was to determine the diagnostic accuracy of the ImmunoCAP ISAC 112 (ISAC112) microarray in allergy to pollen from several taxa and its clinical utility in a Spanish population. Methods: Specific IgE was determined in 390 pollen-allergic patients using the ISAC112 microarray. Diagnostic accuracy (sensitivity, specificity, predictive values, and area under the ROC curve) was calculated for the diagnosis of allergy to pollen from grass (n=49), cypress (n=75), olive tree (n=33), plane tree (n=63), and pellitory of the wall (n=17) and compared with that of the singleplex ImmunoCAP immunoassay. Results: The sensitivity of the ISAC112 microarray ranged from 68.2% for allergy to plane tree pollen to 93.9% for allergy to grass pollen. The specificity was >90%. The AUC for the diagnosis of allergy to plane tree pollen was 0.798, whereas the AUC for the remaining cases was ≥0.876. The accuracy of ISAC112 was higher than that of ImmunoCAP for plane tree pollen and similar for the remaining pollens. The frequency of sensitization to most species-specific allergenic components and profilins varied between the different geographical regions studied. A total of 73% of pollen-allergic patients were sensitized to species-specific components of more than 1 pollen type. Conclusions: The ISAC112 microarray is an accurate tool for the diagnosis of allergy to pollen from grass, cypress, olive tree, plane tree, and pellitory of the wall. The features of the ISAC112 microarray are similar or superior (in the case of plane tree pollen) to those of ImmunoCAP. This microarray is particularly useful for the etiologic diagnosis of pollinosis in patients sensitized to multiple pollen species whose pollination periods overlap.
Introduction
Pollen allergy is the main cause of seasonal rhinoconjunctivitis and/or asthma, affecting up to 40% of the European population [1] . The diagnosis of pollinosis is based on the presence of typical symptoms during the pollination period, along with confirmation of IgE-mediated sensitization to pollen, which has traditionally been based on allergenic extracts obtained from the biological source. Consequently, many pollen-allergic patients are sensitized to several species [2] , whose pollination periods often overlap, with no difference established between co-allergy or cross-sensitization caused by panallergens. The recent advent of purified allergenic components has opened the door to molecular diagnostic techniques that make it possible to differentiate between both situations.
In vitro diagnosis based on purified allergenic components can be performed both individually and using multiplex systems, such as the ImmunoCAP ISAC112 microarray (ISAC112). The expectation generated by this platform since the first version was launched has had the paradoxical effect that its incorporation into clinical practice [3] [4] [5] [6] and recommendation as a guide as to whether or not immunotherapy will be suitable [7] [8] [9] [10] [11] have frequently preceded validation of its technical and diagnostic accuracy [12, 13] . Despite published assessments of previous versions of this test (ISAC CRD 103) [6, 14, 15] , the adequate reproducibility of ISAC112, a version with significant technical differences compared with the previous models (including a new calibration system), has only recently been reported [16] . Neither its validity for the diagnosis of pollinosis (in terms of sensitivity and specificity) nor its safety (in terms of negative and positive predictive values) has been assessed until now.
The main goal of this study was to determine the diagnostic accuracy of ISAC112 in allergy to pollen from grass, olive tree, cypress, birch, plane tree, prickly saltwort, and pellitory of the wall and its clinical utility in a Spanish population. The specific goals of the study were as follows: (1) To calculate the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area under the receiver operating characteristic (ROC) curve (AUC) of the ISAC112 microarray for each of these pollens; (2) To compare the diagnostic performance of ISAC112 with that of the singleplex ImmunoCAP test; and (3) To analyze the results of application of ISAC112 in a broad sample of pollen-allergic patients from different regions of Spain.
Materials and Methods

Patients
A total of 390 patients were recruited from 13 clinics distributed throughout 10 Spanish provinces. All patients had experienced the typical symptoms of pollinosis for at least 2 years, had a positive skin prick test (SPT) result to any number of pollen types, and had resided in the same region for the previous 5 years.
The study protocol was approved by the Ethics Committee of the coordinating center (045/2011), and all participants provided their written informed consent.
In order to study the sensitivity of ISAC112 for the diagnosis of allergy to pollen from each botanical family, we chose patients who had experienced the typical symptoms of rhinoconjunctivitis and/or asthma during the pollination period of the relevant taxon over the 2 years that preceded their recruitment and who had a positive SPT result for that pollen type. Patients with skin sensitization to pollen from another taxon with the same pollination period or Alternaria species were excluded from this part of the study (n=190). The pollination calendar of each recruitment area was determined based on the pollen counts of the Aerobiology Committee of the Spanish Society of Allergology and Clinical Immunology (www.polenes.com). The sensitivity of ISAC112 was calculated for each taxon based on the species-specific components of each pollen type available in the microarray.
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ROC curves were used as a graphic expression of sensitivity against 1-specificity of the patients studied with both ISAC112 and singleplex ImmunoCAP. The AUC for each component and for the sum of the components of each pollen type with both techniques was calculated. According to Ebell [19] , a test was considered to be perfect if the AUC was 1.0, excellent if it ranged from 0.9 to 0.99, good from 0.8 to 0.89, sufficient from 0.7 to 0.79, mediocre from 0.51 to 0.69, and void if its value was ≤0.5.
The correlation between the quantitative variables was evaluated using the Spearman correlation coefficient. The entire statistical analysis was performed using Stata/IC 12.0. Differences of P<.05 were considered to be statistically significant.
Results
Of the 390 pollen-allergic patients studied, 49, 75, 33, 63, and 17 patients who met the specified criteria for allergy to pollen from grass, cypress, olive tree, plane tree, and pellitory of the wall, respectively, were included in the technical analysis of the microarray. Only 7 and 8 patients met the strict criteria established for them to be considered cases of allergy to birch and prickly saltwort pollen, respectively. Since this is an insufficient number to provide valid results, the performance of ISAC112 in the diagnosis of allergies to birch and prickly saltwort pollen could not be assessed. Table 1 sets out the clinical and demographic data of the patients included in the study and of the subgroups of cases and control patients for each pollen type. Table 2 describes the diagnostic accuracy of ISAC112 for the diagnosis of allergy to pollen from grass, cypress, olive tree, plane tree, and pellitory of the wall in terms of its sensitivity, specificity, positive and negative predictive values, and AUC. The sensitivity of ISAC112 ranged from 68.2% for allergy to plane tree pollen to 93.9% for allergy to grass pollen. The NPV ranged from 90% to 97.9% for these pollen types. Specificity fluctuated between 93.3% for olive tree pollen and 100% for pellitory of the wall pollen among control patients with no plant allergies and between 90.2% and 98.7%, respectively, in control patients with plant allergy. Moreover, the PPV ranged from 64.5% for olive tree pollen to 86.8% for grass pollen. Except for plane tree allergy, whose AUC was 0.798, the AUC of the remaining allergies exceeded 0.876, reaching a maximum value of 0.945 in the case of allergy to grass pollen.
The results of the analysis of the diagnostic accuracy of the singleplex ImmunoCAP test for the determination of sIgE to Phl p 1, Phl p 5, Ole e 1, Cup a 1, Pla a 1, and Par j 2 (Table 3) were similar to those obtained for ISAC-112. Table 4 shows the results of the comparison of the diagnostic performance of both techniques for the determination of sIgE to the major allergens of the pollens studied. Concordance between the singleplex ImmunoCAP and ISAC112, assessed using the k index [8] , proved to be very good for the determination of sIgE to Phl p 1, Phl p 5, Cup a 1, and Par j 2 and good for that Two control groups were included in the study of the specificity of ISAC112, as follows: control group 1 comprised nonatopic patients (n=51) and atopic patients not sensitized to plant allergens (other pollens or plant foods) (n=39); control group 2 comprised patients (n=52-164) who were allergic to pollen from a taxon other than that considered in each case and with a negative SPT result to this pollen. The specificity of the ISAC112 test was calculated for each taxon based on control patients not sensitized to plant allergens (control group 1) and based on patients with allergies to other pollens (control group 2).
Finally, after assessing the diagnostic accuracy of ISAC112, we analyzed the results obtained from its application in the overall sample of 390 pollen-allergic patients, including the 190 patients with skin sensitization to more than 1 pollen species with the same pollination period and/or Alternaria species.
Skin Tests
A series of SPTs were performed with a mix of grass pollens and pollens from birch (Betula verrucosa), olive tree (Olea europea), plane tree (Platanus acerifolia), cypress (Cupressus arizonica), pellitory of the wall (Parietaria judaica), prickly saltwort (Salsola kali), goosefoot (Chenopodium album), and mugwort (Artemisia vulgaris). SPT was also performed with date palm (Phoenix dactylifera) profilin and polcalcin (ALK-Abelló). Saline solution (0.9%) and histamine hydrochloride (10 mg/mL, ALK-Abelló) served as negative and positive controls, respectively. Wheals with a diameter of ≥3 mm were considered to be positive, as recommended by the guidelines of the European Academy of Allergy and Clinical Immunology [17] . 
Multiplex Specific IgE Assay
Singleplex Specific IgE Assay
Specific IgE to the major allergen components of each relevant pollen available for fluorescence enzyme immunoassay (ImmunoCAP, Thermo Fisher) was determined in all patients chosen to participate in the study of sensitivity to any of the taxa and in 35 control patients (12 atopic and 23 healthy persons). Therefore, Phl p 1 and Phl p 5 were determined as the major allergens of Phleum pratense, as were Ole e 1, Cup a 1, Pla a 1, and Par j 2 as the major allergens of Olea europea, Cupressus arizonica, Platanus acerifolia, and Paretaria judaica, respectively. Values of over 0.35 kU A /L were considered positive.
of sIgE to Ole e 1 and Pla a 1. No significant differences were found between the AUC of each technique for detection of any of the components, and the shape of the ROC curves of both techniques was similar for all the major allergens studied.
Furthermore, for both techniques, a significant correlation was observed between the concentration of sIgE to each component, with correlation coefficients ranging from 0.71 for Pla a 1 to 0.89 for Phl p 1 and Par j 2. symptomatic period, the results of ISAC112 were positive for the genuine components of more than 1 pollen type in 72% of cases. The frequency of sensitization to profilins and polcalcins in this subgroup of patients was 30.5% and 9%, respectively.
Discussion
The performance or accuracy of a diagnostic tool can be described as its ability to correctly classify participants into clinically relevant subgroups according to health status (eg, allergic or not allergic to a specific pollen) [20] . The accuracy of a diagnostic test must be known and compared with that of other existing procedures before the clinical utility of the new tool and its role in clinical practice are established.
ISAC112 is a powerful molecular diagnostic tool that enables semiquantitative determination of sIgE to 112 allergenic components. Its accuracy in the diagnosis of pollinosis has been studied for grass pollen [21] , but not for pollen from olive tree, cypress, plane tree, or pellitory of the wall. Its intrinsic properties are achieved by comparing the results obtained by the subgroups of allergic and nonallergic patients for each of the pollen types studied. Therefore, the patients included in the technical analysis of the accuracy of ISAC112 met strict selection criteria, which enabled us to avoid the potential diagnostic confusion that sensitization to panallergens can cause when complete extracts are used during the diagnostic process [22] . Singleplex ImmunoCAP was considered a reference technique in the comparative analysis.
The results of our study proved that ISAC112 is a very accurate technique for the diagnosis of allergies to pollen from grass, olive tree, cypress, plane tree, and pellitory of the wall, even when applied to individuals with allergies to other pollen sources. Its sensitivity is good for the diagnosis of allergy to pollen from grass, cypress, and olive tree and moderate for the diagnosis of allergy to pollen from plane tree and pellitory of the wall.
The AUC quantifies the diagnostic accuracy of the tool with a single number [23] . Based on the usual interpretation of AUCs [19] , we obtained an excellent value (>0.90) for the diagnosis of allergy to grass, cypress, olive tree, and pellitory of the wall and a good value for allergy to plane tree.
When comparing the efficacy of the ISAC112 with that of the singleplex ImmunoCAP test for the major allergens studied here, we obtained very good or good concordance values [18] . Additionally, despite the fact that ISAC112 is a semiquantitative technique, while the singleplex ImmunoCAP is a quantitative technique, the correlation between sIgE to the major allergens of grass, cypress, olive tree, plane tree, and pellitory of the wall was good, as reported elsewhere for grass allergens [24] . Likewise, the overall estimate of the diagnostic accuracy of both techniques for each of the Abbreviation: AUC, area under the curve. Abbreviations: AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp 1, specificity calculated with control patients without plant allergies. Table 5 sets out the results of the application of ISAC112 in pollen-allergic patients from different parts of Spain who are sensitized to 1 or multiple pollens. Overall, the most frequent positive results were observed for species-specific components of grass pollen (70%), olive tree pollen (55%), and plane tree pollen (44%). However, the frequency of sensitization to the different species-specific allergenic components varied greatly between regions, except for Ole e 7 and Ole e 9, for which the frequency of sensitization was low. Overall, 73% of pollenallergic patients were sensitized to species-specific allergenic components of more than 1 pollen type. ISAC112 detected sensitization to profilin(s) in 88 patients (23%), once again with major geographical variations, reaching 44% of patients in some regions. The frequency of sensitization to polcalcins was less variable, with an average sensitization rate of 7%. major allergens based on ROC curves was found to be similar, with AUC values that enabled both techniques to be classified as excellent tools for the diagnosis of grass and cypress pollen allergies and as good tools for the diagnosis of allergy to Parietaria pollen. Consistent with the findings of Bokanovic et al [21] , our results prove that determination of sIgE to Phl p 1 with the singleplex technique is sufficient for diagnosis of grass pollen allergy. In the case of allergy to olive tree pollen in this sample of patients, singleplex ImmunoCAP was also very accurate for the determination of Ole e 1 as the only allergen, with a similar AUC to both that obtained for the same allergen with ISAC112 and that obtained when the 3 olive tree allergens included in the microarray (Ole e 1, Ole e 7, and Ole e 9) were analyzed together. Although Ole e 7 belongs to the lipid transfer protein (LTP) family, we believe that it should be considered a genuine pollen allergen, as it was described as the only sensitizing component of olive tree pollen in 5% of patients from high-exposure areas [25] . The diagnostic accuracy of the determination of Pla a 1 alone with the ImmunoCAP test (the only plane tree allergen available for this technique) or ISAC112 is mediocre; however, when all 3 allergenic components of plane tree pollen are studied together, ISAC112 does prove to have good diagnostic accuracy. The role of Pla a 3, an LTP, as a species-specific pollen allergen is supported by its description [26] as a minor allergen (27.3%) in patients who are allergic to it but who do not have food allergy and as a major allergen in patients who are allergic to both plane tree pollen and peach with a sensitization prevalence of 64%. Additionally, cases of sensitization to Pla a 3 without reactivity to Pru p 3 are possible.
After determining the diagnostic accuracy of ISAC112 and comparing it with that of the singleplex ImmunoCAP test, we proceeded to apply the test in a nonselected sample of pollenallergic patients with a high frequency of skin sensitization to multiple allergens (80%). Such a high percentage is seen daily in allergy clinics. The determination of both sIgE to the main allergens of the sensitizing pollens and panallergens could clarify the diagnosis of these patients. We confirmed high rates of cosensitization to genuine allergen components from several taxa, with an average of 75% of patients showing genuine sensitization to more than 1 pollen type, and revealed major geographical variations in terms of the pollinosiscausing pollens of all taxa. The results obtained when the SPTs were positive to more than 1 taxon with pollination periods that overlapped both with one another and with the patients' symptomatic period were of particular clinical interest. This circumstance could correspond both to actual cosensitization and to mere cross-sensitization whose immunological basis is the sensitization to pollen panallergens (eg, profilins and polcalcins). ISAC112 distinguishes between both situations in such a way that the analysis of its results for this subgroup of patients shows true cosensitization in 73% of the patients, with 30.5% and 9% of them being sensitized to profilins and polcalcins, respectively.
To conclude, it is safe to say that ISAC112 is an accurate tool for the diagnosis of allergy to pollen from grass, cypress, olive tree, plane tree, and pellitory of the wall. Its features are similar to those of the singleplex ImmunoCAP test and, in the case of allergy to plane tree pollen, superior to those of the singleplex ImmunoCAP test used for the same purpose. Given the associated costs and volume of samples required to simultaneously determine multiple allergen components, the maximum clinical utility of ISAC112 for the etiologic diagnosis of pollinosis would be in the subgroup of patients with skin sensitization to multiple pollen types and overlapping pollination periods, especially in the event of a suspected clinical allergy to plane tree pollen and potential indication for immunotherapy.
